There is a high risk of venous thromboembolism when patients are immobilised following trauma. The combination of low-molecular-weight heparin (LMWH) with graduated compression stockings is frequently used in orthopaedic surgery to try and prevent this, but a relatively high incidence of thromboembolic events remains. Mechanical devices which perform continuous passive motion imitate contractions and increase the volume and velocity of venous flow.
There is a high risk of venous thromboembolism when patients are immobilised following trauma. The combination of low-molecular-weight heparin (LMWH) with graduated compression stockings is frequently used in orthopaedic surgery to try and prevent this, but a relatively high incidence of thromboembolic events remains. Mechanical devices which perform continuous passive motion imitate contractions and increase the volume and velocity of venous flow.
In this study 227 trauma patients were randomised to receive either treatment with the Arthroflow device and LMWH or only with the latter. The Arthroflow device passively extends and plantarflexes the feet. Patients were assessed initially by venous-occlusion plethysmography, compression ultrasonography and continuous wave Doppler, which were repeated weekly without knowledge of the category of randomisation. Those who showed evidence of deep-vein thrombosis underwent venography for confirmation. The incidence of deep-vein thrombosis was 25% in the LMWH group compared with 3.6% in those who had additional treatment with the Arthroflow device (p < 0.001). There were no substantial complications or problems of non-compliance with the Arthroflow device.
Logistic regression analysis of the risk factors of deep-vein thrombosis showed high odds ratios for operation (4.1), immobilisation (4.3), older than 40 years of age (2.8) and obesity (2.2).
Deep-vein thrombosis (DVT) may lead to acute fatal pulmonary embolism and the development of chronic venous insufficiency. A combination of low-molecular-weight heparin (LMWH) with graduated compression stockings is commonly used as prophylaxis in orthopaedic surgery. In the absence of protective measures the incidence of DVT is estimated to be up to 56% in high-risk patients. 1 LMWH is regarded as at least as efficient as unfractionated heparin and tends to cause less haemorrhage. 2, 3 In a meta-analysis, Wells, Lensing and Hirsch 4 showed that the use of graduated compression stockings for prophylaxis resulted in a significant reduction in the risk of DVT. However, there remains a relatively high risk of DVT whichever treatment is used suggesting that a combination of the two may be worthwhile. 5 Early mobilisation and mechanical methods are of clinical interest, since LMWH carries a risk of post-operative bleeding of 1.5%. 6 Venous stasis due to the absence of muscular contraction in immobilised patients is an essential risk factor as indicated by Virchow. 7 The use of mechanical devices which imitate muscular contractions is an attractive proposition and stimulation of the crural muscles and intermittent pneumatic compression of the legs is used in an attempt to accelerate venous blood flow. This may lead to a better dispersal of activated blood components and dissolution of small thrombi attached to the venous wall. 8 Gardner and Fox 9 showed that venous foot pumps may help prevent DVT by reducing venous stasis. This resulted in the development of the AV-Impulse-System (Novamedix, Andover, UK). Fleming et al 10 showed that its effectiveness is influenced by the position of the foot with an increase in the velocity and volume of venous blood flow when the foot lay in 25˚ of plantar flexion, the reverse-Trendelenburg position.
Continuous passive motion (CPM) is used in orthopaedic surgery to prevent joint stiffness and reduce the formation of haematomas and oedema, which may lead to fibrosis. 11 Bonnaire et al 12 showed that a CPM device applied to the ankle joint could increase the volume of flow in the femoral vein to 123% of the initial values within five minutes and to 143% after 15 minutes. These positive effects were still evi-dent 15 minutes after the device had been turned off.
The Arthroflow device (Ormed, Freiburg, Germany) ( Fig. 1 ) allows continuous passive motion of the ankle joint with maximal extension and plantar flexion at a frequency of 30 excursions per minute, giving compression of the crural compartments. The close relationship of the talocrural joint and the venous network around the ankle is such that movement of the joint causes a measurable increase in the venous blood flow producing the function of a physiological pump. 13, 14 Information concerning the Arthroflow device is limited. Two available studies have had either small patient numbers or were restricted to those undergoing total knee replacement (TKR).
10,11

Patients and Methods
Methods of thromboprophylaxis. This study was undertaken between February 1993 and March 1995 on 227 patients who had suffered trauma. One group of 111 had passive exercises with the Arthroflow device and the other 116 formed the control group and were not subject to its use. All patients received 5000 U of unfractionated Heparin (B. Braun, Melsungen, Germany) subcutaneously three times daily, which was administered at 7 am, 1 pm and 7 pm without consideration of the patient's weight. Treatment was started on the evening before surgery or, in some cases which required an emergency operation, immediately following this. All patients had intense physiotherapy including breathing exercises, isometric muscle contraction, kinetotherapy (to increase strength and range of movement) and early mobilisation.
The patients in the Arthroflow group were treated using the Arthroflow three times daily (at 9 am, 2 pm and 7 pm) for 30 minutes. This electrically-driven device mobilises both talocrural joints passively within a range of 20˚ of dorsiflexion and 40˚ of plantar flexion 30 times per minute. Elastic compression stockings were not used in either group. Inclusion criteria. The patients included were between 18 and 80 years of age, and had suffered bony or ligamentous trauma to the spine, the pelvis including the acetabulum or the femur, tibia, or ankle. Those who had a total hip replacement following a fracture of the femoral neck were also included (Table I) .
Patients were excluded who had suffered multiple trauma, had evidence of decompensated coronary heart disease, advanced peripheral arterial occlusion, severe liver failure, haemorrhagic diathesis, stroke, pregnancy, malignant neoplasia, arthritis and arthrodesis of the lower limb, manifest acute thrombosis or thrombophlebitis, pulmonary embolism, paraplegia, chronic muscular dystrophy and lack of compliance. These criteria excluded 79 patients. A further 26 patients refused their consent and in six there was no time available to perform venography. Due to mechanical reasons, patients with trauma to the ankle or tibia had to be excluded from the Arthroflow group. Initial diagnostics. In taking the initial history, risk factors such as obesity (Broca index ≥ 1.2), varicosities, contraception, paralysis of the lower limb and previous venous thromboembolism (VTE) were recorded (Table II) . Preexisting thrombosis was then ruled out by venous-occlusion plethysmography, compression ultrasonography and continuous wave Doppler. The patients were randomly assigned by computer before operation to either the Arthroflow group (n = 111) or the control group (n = 116) without stratification. The outcome of this randomisation was then screened for differences between both groups as regards the personal details of the patients (Table II) , the pattern of risk factors for DVT and the site of the trauma (Table I) , with If a DVT occurred the patient was removed from the study, Arthroflow treatment was stopped and DVT therapy initiated. Otherwise, the patients received prophylactic treatment and were observed until they had mobilised completely, were capable of getting up independently at least three times daily and could partially weight-bear on the injured leg. They were finally reviewed three months after surgery either in the outpatient clinic or by telephone. Approval of the local Medical Research and Ethics Committee was obtained. Statistical analysis. As noted above, the non-parametric Mann-Whitney U test was used for assessment of independent values (Tables I and II) . Continuous variables were analysed by the unpaired Student's t -test after confirmation of a reasonable fit to a Gaussian distribution. Categorical variables were analysed by the chi-squared and Fisher's exact tests. Since there were multiple secondary outcomes, a Bonferroni correction was used to avoid an alpha error producing false-positive results. A p value < 0.005 was considered as significant for risk factors (Table III) , representing a Bonferroni correction of 0.05 divided by 11 secondary outcomes. All risk factors were included as dummy explanatory variables in a logistic regression analysis using the presence or absence of DVT as the outcome. The exponential values of the logistic regression coefficients are odds ratios. Odds ratios were also used to give an indication for the quantitative effect of treatment. The required sample size was calculated and it was estimated that a sample size of 120 patients in each group would give an 80% power of detecting a difference of 15%. A mean incidence of DVT of 30% was presumed at the 5% significance level of a two-sided test and 24 months was defined as the observation period. All results were examined for statistical significance using the SigmaStat computer statistics package (SPSS Inc., Chicago, Illinois) and SPSS (SPSS Inc.).
Results
Among general details and risk factors (Table II) there were significant differences with regard to the number of operations, age > 40 years and use of a plaster cast, with a higher prevalence within the control group. Localisation of the trauma showed a large degree of correspondence between both groups (Table I ). The Arthroflow device was not administered in injuries to the ankle and lower leg. This also explains the difference in the use of a plaster cast as a risk factor (Table II) . Plaster casts allocated to the Arthroflow group did not involve the ankle or could be taken off for therapy. Considering the number of risk factors, it is not surprising that randomisation failed to distribute all values equally. However, both groups were similar to a major extent, although some differences might have influenced the final outcome. Thrombosis. The overall prevalance of thrombosis within the control group was 25% (29 of 116) compared with 3.6% (4 of 111) in the Arthroflow group, a highly significant difference (p < 0.001) ( Table IV) . The odds ratio (OR) equalled 8.92 (95% confidence interval (CI) 3.02 to 26.34) indicating a nine times higher chance of developing a DVT in the control group. None of the patients showed clinically apparent symptoms of pulmonary embolism and none died within the documented period of observation. The details of all 33 patients with DVT are shown in Table V .
All 33 thromboses were diagnosed by sonography, while plethysmography detected only 21, confirming the view that the latter procedure is not an effective means of screening.
14,15 All thromboses were confirmed by contrast venog- raphy. Of these, 17 were located on the same and two on the opposite side to the surgery. The injuries/operations were to the spine or pelvis, and this in the midline, in 14 patients. The thrombi were categorised in groups according to their localisation and size (Table VI) . The Arthroflow group showed less proximal and extended thrombi (p < 0.001) while more small thrombi (p < 0.05) appeared to be sited in the distal calf, although this was not statistically significant. DVT was discovered a median of 14 days after operation. Risk factors. The comparison between patients who had a DVT and those who did not, showed no significant difference in risk factors as assessed by Fisher's exact test after adjusting levels of significance for multiple testing to p < 0.005 (Table III) . Logistic regression analysis showed several risk factors. Operation itself (OR 4.1; 95% CI 1.1 to 15.1) and immobilisation (OR 4.3; 95% CI 0.5 to 35.2) had the highest impact on the incidence of DVT. Age > 40 years (OR 2.8; 95% CI 1.0 to 7.8), obesity (OR 2.2; 95% CI 1.0 to 5.1), trauma (OR 1.7; 95% CI 0.5 to 5.4) and a positive history of previous thromboembolism (OR 1.5; 95% CI 0.5 to 4.8) carried a higher risk of DVT. The total number of risk factors turned out to be significantly higher in patients who sustained a DVT (Mann-Whitney U test; p = 0.004). Special risk factors which predicted the occurrence of proximal or distal and small or large thrombi could not be identified.
Discussion
The overall incidence of thrombosis was significantly lower in the Arthroflow group (p < 0.001). There was a nine times greater chance of a DVT within the control group. Risk factors such as older than 40 years of age, use of a plaster cast and surgery were more frequent in the control group. There appeared to be a significant protective effect with the Arthroflow device, as had been noted in earlier trials. 10, 16 Logistic regression analysis indicated the influence of the suspected risk factors in the development of venous thromboembolism. The performance of surgery itself (OR 4.1) and immobilisation (OR 4.3) had the highest impact. Other factors such as an age > 40 years (OR 2.8), obesity (Broca index ≥ 1.2) (OR 2.2), the trauma itself (OR 1.7), a positive history of thromboembolism (OR 1.5) and use of a plaster cast (OR 1.4) were seen more frequently in patients with DVT who also had an increased number of such factors.
The presence of both proximal and distal thrombi was recorded although only a proximal thrombosis is regarded as a possible source for pulmonary embolism. Some authors consider distal thrombi as a potential origin for upward-growing thrombi which can develop into an extended proximal clot. [17] [18] [19] [20] The beneficial effects of mechanical prophylaxis are well known. Most authors describe inflatable devices which transmit pressure on the soft tissue of the lower limb. Handoll et al 3 found that foot and calf pumping devices appear to prevent DVT and reduce mortality caused by pulmonary embolism. Lack of compliance using those instruments has been a problem. One type of foot pump is the A-V Impulse System (AVI; Orthofix Ltd, Berkshire, UK) which intermittently inflates a pneumatic pad applied to the sole of the foot in order to empty its venous plexus. Bulitta et al 21 showed that the AVI is able to promote the maximum venous blood flow in plaster casts. Wilson et al 22 showed within a small population that the application of AVI was superior to not using any means of prevention. They failed to show a significant decrease in the total number of thrombi but found a lower incidence of proximal DVT and large thrombi. In a randomised controlled study by Santori et al 23 the AVI was found to be superior to heparin, with significantly less DVT in patients treated with AVI (13.4% vs 35.4%). There was also less pain and less local oedema. However, Blanchard et al 6 noted a highly significant disadvantage in patients treated only with the pneumatic device (p < 0.001) compared with LMWH, and 25% of the patients decided to stop the trial with the impulse system because of discomfort. Westrich and Sculco 24 found that a combination of aspirin and AVI is more effective than the isolated administration of aspirin with an incidence of thrombosis of 27% compared with 59% in the control group. Warwick et al 18 compared exercises with AVI and the administration of a LMWH and concluded that neither method provided superior prophylaxis but the impulse system seemed to cause fewer side effects. The large majority of lesions found in this study were minor calf thrombi, which might indicate a very sensitive method of examination. Winemiller et al 25 examined the effectiveness of pneumatic compression compared with heparin in patients with injuries to the spinal cord. Heparin was more effective in the first two weeks, although by six weeks the pneumatic device seemed to bring more benefit.
A randomised control study comparing foot-pumps and sequential pneumatic compression devices in patients with polytrauma was conducted by Spain et al. 26 These are thigh-high sleeves which are inflated intermittently in order to stimulate venous flow and lymphatic drainage. Both systems turned out to be equally effective with no major complications or problems with compliance. Robertson et al 27 compared sequential pneumatic compression devices with Chylarecki et al 13 found an incidence of DVT of 21.6% in trauma patients treated with LMWH but this fell to 2.3% with the addition of the Arthroflow device. Rader et al 17 used the Arthroflow device in a prospective study examining 160 patients following total knee arthroplasty. Again, it was used in conjunction with LMWH, reducing the incidence of DVT from 11.4% to 2.2% (p < 0.05). They suggested that the dose of LMWH might be reduced when combined with the Arthroflow.
Methods of screening for DVT are the subject of discussion. Venous ultrasonography is the most accurate noninvasive test for the diagnosis of a first symptomatic proximal DVT and is the initial investigation of choice. 16, 28, 29 However, if the results of this testing are not clear, venography should be considered. 28, 29 Venography remains the most sensitive method of screening for symptomatic or asymptomatic DVT in the lower limb. However, the technique is invasive and uses ionising contrast material. It may cause discomfort, allergic reactions, nephrotoxicity, iatrogenic DVT and skin necrosis. Therefore, its use as a screening device in unselected patients is undesirable. 16 Venous ultrasonography is not invasive and carries a minimal risk of complications. The sensitivity of ultrasound for subclinical DVT is only moderate, since venous ultrasonography is less accurate for asymptomatic isolated distal DVT than for a proximal clot. 16, 28, 29 Nevertheless, it is the recommended screening method for subclinical DVT. 16 A symptomatic DVT which is not detected by ultrasound is probably of low risk.
There are strong arguments for the effectiveness of mechanical devices as prophylaxis against DVT. The Arthroflow device in combination with heparin is an effective means of prevention against DVT and is effective in patients with multiple trauma.
